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(57)Abstract: 

PURPOSE: To obtain an LSI image in which an 
abnormal portion can be detected easily. 
CONSTITUTION: A trigger signal is generated at the 



jj beginning of every test pattern, it is delayed by a set 
i| delay amount by a delay means 23, electron-beam 
J? pulses are directed to an IC 15 by its delayed output, 
p- and their secondary electrons are detected by a detector 
p 16 and taken in by one out of memories 18, 19 as image 
^data. It is repeated at every horizontal scanning 



^operation to increase a delay amount by a definite 
amount at every trigger. When data of one frame is 
acquired, an acquisition completion signal is sent to a 
signal generator 11. Whenever the signal generator 11 
receives the acquisition completion signal, it alternately 



changes an operating condition such as a power-supply voltage, and it makes the same test. In 
addition, a condition signal is generated, and the storage of the image data is changed over alternately 
between the memories 18, 19, and the difference in the data between the memories 18, 19 is 
displayed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the charged-particle line testing device which irradiates a charged-particle line in pulse 
at a working semiconductor integrated circuit, detects the secondary electron, and obtains the image 
of potential distribution of the above-mentioned semiconductor integrated circuit A trigger signal is 
received from the stimulus generator which supplies a performance test signal to the 
above-mentioned semiconductor integrated circuit. A delay means to give the horizontal to the 
above-mentioned semiconductor integrated circuit by the charged-particle line or a vertical-scanning 
location, and the corresponding delay to the trigger signal, and to generate a charged-particle line 
pulse, The charged-particle line testing device characterized by providing the means which changes 
the are recording field of the image data obtained from the above-mentioned detection secondary 
electron whenever it receives the condition signal which shows that the operating condition of a 
semiconductor integrated circuit was changed from the above-mentioned stimulus generator. 
[Claim 2] It consists of a stimulus generator and a charged-particle line testing device. A performance 
test signal from the above-mentioned stimulus generator Supply the semiconductor integrated circuit 
in the above-mentioned charged-particle line testing device, and the semiconductor integrated circuit 
is operated. In the semiconductor integrated circuit testing device which irradiates a charged-particle 
line to the above-mentioned semiconductor integrated circuit in pulse with the above-mentioned 
charged-particle line testing device, detects the secondary electron working, and obtains the image of 
potential distribution of the above-mentioned semiconductor integrated circuit A means to transmit 
the trigger signal which shows the criteria to the above-mentioned stimulus generator for every 
repetition of the above-mentioned stimulus to the above-mentioned, charged-particle line testing 
device, If the operating condition of the above-mentioned semiconductor integrated circuit is made to 
change, it will have a means to transmit the condition signal which shows that to the 
above-mentioned charged-particle line testing device. A delay means to give the horizontal to the 
above-mentioned semiconductor integrated circuit by the charged-particle line or a vertical-scanning 
location, and the corresponding delay to the above-mentioned trigger signal which received to the 
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above-mentioned charged-particle line testing device, and to generate a charged-particle line pulse, 
the above-mentioned condition signal is received — ** — the means which changes the are recording 
field of the image data which was boiled and was obtained from the above-mentioned detection 
secondary electron — having — ****** — the semiconductor integrated circuit testing device 
characterized by things. 

[Claim 3] The testing device according to claim 1 or 2 characterized by providing a means to display 
the difference of both the image data accumulated in the above-mentioned image data accumulation 
field. 

[Claim 4] The testing device according to claim 3 characterized by providing the means which 
indicates a means to memorize the pattern configuration information on the above-mentioned 
semiconductor integrated circuit, and the above-mentioned pattern configuration information and the 
above-mentioned difference image data by superposition. 

[Claim 5] The above-mentioned delay means is a testing device according to claim 1 to 4 
characterized by being a means to make it add and to perform the above-mentioned delay the amount 
of predetermined delay every to the amount of setting delay for every unit migration of the 
above-mentioned horizontal or a vertical scanning. 

[Claim 6] The testing device according to claim 5 characterized by making random the 
above-mentioned perpendicular or a horizontal scanning. 

[Claim 7] It is the testing device indicated to claim 1 characterized by being a means to have a means 
to make the scan to the above-mentioned semiconductor integrated circuit perform at random, and for 
the above-mentioned delay means to read the lag data memorized beforehand according to the 
horizontal or vertical position in the above-mentioned random scan, and to set the above-mentioned 
trigger signal as the delayed delay circuit thru/or either of 4. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It is related with the testing device used for this invention irradiating 
charged-particle lines, such as an electron beam and an ion beam, at a semiconductor integrated 
circuit, measuring the amount of the secondary electron to generate, displaying potential distribution 
of that semiconductor integrated circuit as a shade image, and judging a defect part etc. 
[0002] 

[Description of the Prior Art} For example, in an electron beam testing device, an electron beam is 
irradiated at a working semiconductor integrated circuit (it is described as Following IC), the amount 
of the secondary electron then generated is measured, an electron beam exposure location is shifted 
for that one by one about the same test pattern, and displaying the shade image according to the 
amount of a secondary electron is performed. Although the circuit pattern images 1-4 of IC appear as 
the display image in this case is shown for example, in drawing 7 A, there are few secondary 
electrons from wiring with which high-level potential is given, and they are displayed black like the 
pattern images 1 and 2 in a display image. On the other hand, there are many secondary electrons 
from wiring with which low potential is given, and it is displayed white like the pattern images 3 and 
4 in a display image, and the generating secondary electron is the middle of the each secondary 
electron in a high-level part and a low part, and parts 15 other than wiring are displayed on gray. The 
image of drawing 6 A is called stroboscope image. 

[0003] Since the impression test pattern corresponding to this display image is known, that is, the 
potential of the forward always of each winkg^ knowii t^rd^pjlay image can be seen and it can 
judge whether that IC is operating correctly or which part is unusual. Moreover, it is performed that 
an axis of abscissa forms the image in which the location of a horizontal scanning line and the 
time-axis of a stimulus are shown as the location horizontal scanning of the electron beam is carried 
out between the timing points set up from the timing point which the stimulus set up, a horizontal 
scanning line is shifted one by one, and carries out a vertical scanning for said every timing point of 
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both, for example, it is shown in drawing 7 A. In drawing 7 A, stimulus la which shows a circuit 
pattern image to correspondence wiring at drawing 7 B is impressed, the timing point TO from — Tl 
The circuit pattern image 1 shows aging of the potential of the wiring which can be set. by — TO 
[ therefore, ] from — part deltaTl of a low the circuit pattern image 1 — the first white part LI It is 
displayed. ****** ~ The following high-level part deltaT2 The next part L2 of the circuit pattern 
image 1 It is displayed as a part for Kurobe and the following low part is displayed as a following 
white part L3 in the circuit pattern image I. Stimuli 2a and 3a are impressed to correspondence wiring, 
respectively, and the circuit pattern images 2 and 3 are the timing point TO. Or Tl It is an image 
corresponding to between. Thus, the image which also displayed time amount change of a stimulus is 
called the LSM image. This can know the condition of a temporal response on one screen. 
[0004] 

[Problem(s) to be Solved by the Invention] when obtaining the image shown in drawing 6 A, in order 
to make the SN ratio high, when the same image is repeated and acquired, a charge collects on the 
insulating protective coat of the front face of IC, and it is shown in 6B and 6C — as ~ the distinction 
with the circuit pattern image of a high level, and the circuit pattern image of a low — it cannot do ~ 
becoming — just — being alike — it will become the display of the same gray. Therefore, the thing of a 
high SN ratio was not able to be obtained. 

[0005] Moreover, as shown in drawing 6 A, when taking in the data in the setting pattern of a stimulus, 
the condition of the change based on impression of the test pattern with the passage of time cannot be 
known. However, although this can be known by the LSM image, as drawing 7 was described 
previously, when obtaining an LSM image and it repeats and acquired on the same conditions, the 
image was able to become not clear and an SN ratio was not able to be raised. 

[0006] Furthermore, many images needed to be acquired in IC in which the sequential circuit holding 
actuation and the logical circuit which does not hold actuation are established in two or more **** to 
get to know the defect generating timing in the defect's generating stage (location) and stimulus. 
[0007] 

[Means for Solving the Problem] According to this invention, the trigger signal which received from 
the stimulus generator is delayed with a delay means, a charged-particle line pulse is generated, but 
that amount of delay is set up corresponding to the horizontal to IC by the charged-particle line, or a 
vertical-scanning location. Moreover, whenever it receives the condition signal which shows that the 
operating condition of IC was changed from the stimulus generator, the are recording field of image 
data is changed. A change of this operating condition is made whenever it acquires the image data of 
the specified quantity, for example, the data for one screen. 

[0008] The display of image data may superimpose and display the image data of this difference, and 
the pattern configuration information on IC, when displaying the thing under acquisition actually and 
displaying the difference of both the image data in two are recording fields. The delay by the delay 
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means is made to add the amount of predetermined delay every to the amount of setting delay for 
every [ horizontally or ] unit migration of a vertical scanning. Or IC is made to scan at random, the 
lag data beforehand memorized in the horizontal or the vertical position is read to the random 
equipment, and it is carried out by setting the lag data as a delay circuit. 
[0009] 

[Example] The example of this invention is shown in drawing 1 . The stimulus generator 12 is 
connected to this testing device 1 1 by the case where an electron beam testing device is used as a 
charged-particle line testing device 11. In the electron beam testing device 11, an electron beam 14 is 
generated in the shape of a pulse within the vacuum chamber 13, and IC15 in a chamber 13 irradiates. 
The secondary electron generated by the exposure is detected by the secondary electron detector 16, 
and is memorized with the change means 17 as image data by either of the image memories 18 and 19. 
[0010] A test pattern signal, a power-source signal, etc. which were generated from the test pattern 
generating section 21 in a stimulus generator are supplied to IC 15 as a stimulus, and IC15 operates 
based on this. Synchronizing with a repetition of the test pattern signal that is, a trigger signal is 
supplied to the delay means 23 in the electron beam testing device 11 from the trigger signal 
generating section 22 at the beginning of each test pattern signal. Furthermore, modification of the 
operating condition to ICslS, such as supply voltage of operation, supplies the condition signal which 
shows that from the condition signal generator 24 to the control section 25 of the electron beam 
testing device 11. Although not shown in drawing, the various test conditions of the electron beam 
testing device 11 can be set up to a control section 25, and a control section 25 controls each part 
according to the setup. It is controlled by the control section 25, an electron beam 14 is controlled by 
these scan means 26 and 27, and the X-scanning means 26 and Y scan means 27 also carry out the 
part to which IC15 was set a horizontal and a vertical scanning. 

[0011] For example, the stimulus shown in drawing 2 A is generated, and it is generated as a trigger 
signal shows drawing 2 B at the repetition time, it is shown in a control section 25 to a trigger signal 
at dra wing 2 C — as — timing point TO from — Tl up to, if it is set up as incorporation of data and the 
incorporated number of data which takes lessons from 1 horizontal scanning line is set up with N 
individual Unit time amount deltat of (T1-T0) / (N-l) is called for, and the amount of delay of the 
delay means 23 is tl =T0. It is initialized, the first trigger signal — the delay means 23 ~ tl =T0 only 
— it is delayed, and is inputted into a pulse generator? 29, the' pulse, of an electron beam 14 is 
discharged by the pulse generated from this, and the secondary electron of IC15 is detected. It is tl 
=T0 as shown in drawing 2 D for every trigger signal below. It receives, the electron beam pulse for 
which only deltat was delayed mostly one by one is discharged, and incorporation of image data is 
performed. Moreover, an electron beam 14 is horizontally moved by 1 pixel for every incorporation 
of this 1 image data. That is, whenever an electron beam 14 is horizontally moved by 1 pixel by the 
X-scanning means 26, the amount of setting delay in the delay means 23 is added only for deltat. 
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[0012] Thus, it is timing TO -Tl by one horizontal scanning. After the image data which can be set is 
incorporated, image data is incorporated the whole horizontal scanning similarly and the 
incorporation of the image data for one screen is completed, the completion signal of acquisition is 
sent out to the stimulus generator 12. If this acquisition signal is received, the stimulus generator 12 
changes IC operating condition, for example, changes supply voltage into 4V from 5V, and generates 
a condition signal, a stimulus and a trigger signal are generated similarly again, and as drawing 2 was 
described, the electron beam testing device 1 1 will discharge the electron beam pulse from which 
timing shifted one by one for every trigger signal, and will perform incorporation of image data. 
[0013] The completion signal of acquisition is generated for every acquisition of the image data for 
one screen like the following, an operating condition is changed by turns for every reception of the 
completion signal of acquisition, and it repeats generating a condition signal, a stimulus, and a trigger 
signal. Moreover, the incorporation of image data is changed to image memories 18 and 19 by turns 
for every reception of a condition signal. When the supply voltage of IC15 of operation is 5 V, it is 
timing point TO -Tl. The potential change on wiring T of a between, 2\ and 3* changes with the 
curves la, 2a, and 3a of drawing 3 A, and this considers as normal actuation. On the other hand, when 
a condition change of the supply voltage is made 4 V, it is timing point TO -Tl. The potential change 
on wiring T of a between, 2\ and 3' presupposes that it came to be shown in the curves la, 2a, and 3a 
of drawing 3 B. that is, wiring l 1 — the polarity of a potential pattern — reversed — wiring 2' — the 
same potential pattern — becoming - wiring 3b — the timing point T2 - T3 only — the polarity was 
reversed. 

[0014] When image data is repeatedly acquired in such a condition and each of that image data is 
displayed on a display 31, the acquisition image in the all seems well of drawing 3 A comes to be 
shown in drawing 3 C. That is, the circuit pattern image 1 is displayed on white by the low of 
curvilinear la, and is displayed on black with a high level. Curvilinear 2a does not have relation to a 
low and a high level, and since this used as gray serves as the same potential curve even if supply 
voltage of operation changes to 4V, and the potential condition over the location and time amount in 
wiring T does not change irrespective of the change of an operating condition, the circuit pattern 
image 2 is for the charge over a protection insulator layer to arise, that is, is the same as that of the 
case where it points out on the trouble of the conventional technique. The circuit pattern image 3 is 
the timing point Tl - T3. In the corresponding low of the section JL23, it, becomes white, and since 
change does not arise in the change of an operating condition about a location and time amount, other 
parts serve as gray. 

[0015] On the other hand, the acquisition image in the abnormal condition of drawing 3 B comes to 
be shown in drawing 3 R>3D. That is, the circuit pattern image 1 is the section T2 of curvilinear 3a 
when it became gray at since black was displayed with the high level of curvilinear la, white was 
displayed by the low and the circuit pattern image 2 was changeless like the case of drawing 3 C, and 
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change produced the circuit pattern image 3 in the change of operation - T3. In a high level and the 
corresponding part L23, the parts of black and others serve as gray. 

[0016] Thus, if operating state is changed and supply voltage is lowered to 4V in this example from 
drawing 3 C and D, in wiring l\ it will be understood that always [ forward ] and having completely 
become a reverse display and having become abnormalities were understood, and they moreover 
always differed from always [ forward ] also regarding the place and with time. However, it also turns 
out that abnormalities do not arise at all in wiring 2\ and they are timing T2 - T3 in the part L23 on 
wiring 3' at wiring 3\ It is understood that only the section was set to a high level from the low with 
abnormalities. 

[0017] Furthermore, when the image data shown in drawing 3 C is subtracted from the image data 
shown in drawing 3 D and the image data of the difference is displayed, it comes to be shown in 
drawing 4 A. That is, as for the parts L04 and L56 from which the low of forward always turned into a 
high level, the high level of forward always is displayed for the circuit pattern image 1 on black by 
white, as for the parts L45 and L61 which became at the low. Even if it changes an operating 
condition, the circuit pattern image 2 used as abnormalities does not appear at all on the screen. Only 
the part L23 set to a high level from the low about wiring 3 1 serves as black, and other parts do not 
appear at all. The display of this drawing 4 A appears more clearly [ the thing used as abnormalities ] 
than the display of drawing 3 C and D. Although precision is inferior for a while, since each circuit 
pattern image also appears to the display of drawing 4 A, drawing 3 C and D understands the location 
of a defect part, and a time location for the display condition of abnormalities well. 
[0018] If the potential of wiring V lowers supply voltage of operation to 4V by of operation supply 
voltage 5V in curvilinear la of drawing 4 B, when it takes with a low, the part T23 from which a high 
level turned into a low like the image L23 in drawing 4 C in said difference image data image will be 
displayed on white like curvilinear la 1 of drawing 4 B. Furthermore, when T24 is set to a low by the 
fall of supply voltage like curvilinear la" in the first half of the high-level part in curvilinear la, only 
the part T24 of a difference image appears as a white image L24. Furthermore, curvilinear la m If T43 
is set to a low like in the second half of the high-level part of curvilinear la, only a part T43 will serve 
as the white image L43, and a difference image will appear. Thus, aging of wiring potential can also 
be known in this invention. In addition, curvilinear la" and la'" Each **** serves as black and a 
white display by the stroboscope image, respectively.'. }y ..-j£^f 

[0019] By carrying out the electron beam scan of the front face, detecting a secondary electron, or 
carrying out a repetition electron beam scan, detecting a secondary electron, while it has been in a 
fixed condition, although a stimulus is impressed, and obtaining a stroboscope image in the condition 
of not operating IC15, etc. About IC part which acquires the configuration information on the front 
face of IC15 (image data), that is, corresponds with the display of for example, drawing 3 C It enables 
it to display the circuit pattern images 1, 2, and 3 of wiring V, 2\ and 3' in two main tracks, 
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respectively, as shown in drawing 4 D. The part which should be observed is displayed clearly and it 
can be easy to read the location on that IC by memorizing this configuration information in memory 
32, and superimposing and displaying this configuration information and difference image data 
( drawing 4 A and correspondence). 

[0020] although the exposure timing of an electron beam was made to increase deltat every with 
horizontal migration of an electron beam in **** (i.e., although image data was acquired so that the 
horizontal direction on the screen might serve as a time-axis), image data may be acquired so that it 
may become a time-axis perpendicularly. In this case, on the same horizontal scanning line of an 
electron beam, it is constant value ti about the electron beam exposure timing to a trigger signal. It 
carries out, and on the following horizontal scanning line, only deltat delays electron beam exposure 
timing and an electron beam is irradiated to the timing of ti+deltat to a trigger signal. In addition, in 
one horizontal scanning, whenever it acquires 1 image data so that the same point may not be 
irradiated, only deltat is good to carry out initiation of a horizontal scanning early. 
[0021] when making the exposure timing of an electron beam increase deltat every during 1 
horizontal scanning, a vertical scanning may be made to perform at random, i.e., the number of a 
horizontal scanning line is put in order at random, and sequential selection of the horizontal scanning 
wire gage put in order is made for every horizontal scanning. Moreover, when acquiring image data 
so that a time-axis may become perpendicular as mentioned above, you may make it irradiate an 
electron beam in the pixel location which put each horizontal scanning in order at random and chose 
each pixel location number on the line as the order put in order for it. Like, by performing a vertical 
scanning at random, these things [ carrying out the electron beam exposure of level or the near part 
continuously ] are avoided, and can lessen effect of charge of a protection insulator layer, this 
technique — especially ~ a location — it is effective when making resolution high. 
[0022] A horizontal and a vertical scanning may be similarly made random. For example, as shown in 
drawing 5 , data required for making each point on a horizontal scanning deflect an electron beam are 
memorized by the horizontal deflection register 34, data required for making each point on a vertical 
scanning deflect an electron beam are memorized by the vertical deflection register 35, and the data 
in which the electron beam exposure timing (the amount of delay to a trigger signal) to each pixel on 
1 horizontal scanning line is shown are memorized by the delay register 36. The number which shows 
the location of each point of all scan layers is generated from the random generator 36. The horizontal 
deflection register 34 and the delay register 36 make a high order bit the address by making the lower 
bit into the address, and the vertical deflection register 35 is read, respecti vely. The data read from the 
horizontal deflection register 34 are changed into an analog "signal with DA converter 38, and 
horizontal deflecting system is supplied. The data read from the vertical deflection register 35 are 
changed into an analog signal with DA converter 39, a vertical deflection machine is supplied, it is set 
as the delay circuit 41 where the data read from the delay register 36 are delayed in a trigger signal, 
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and the output of the delay circuit 41 is supplied to a pulse generator 29. 

[0023] In ****, although the image data in two operating conditions is acquired by turns, about the 
thing of the same operating condition, averaging can be carried out, respectively and an SN ratio can 
also be raised. Although time amount required to incorporate the image data for one screen is based 
also on setups, it is not necessary to expect the greatest time amount, to change an operating condition 
automatically by the stimulus generator 12 side, and to generate the completion signal of acquisition 
in the electron beam testing-device 1 1 side. Although the operating condition was changed for every 
acquisition of the data for one screen, an operating condition may be changed for every 
predetermined acquisition of the data for a screen, such as every acquisition of the data for a 
half-screen. 
[0024] 

[Effect of the Invention] Since the LSM image data for a predetermined screen are changed for 
operating conditions, such as supply voltage and a test pattern clock frequency, by turns for every 
acquisition according to this invention as stated above, the place currently observed can be obtained 
clearly, without being influenced by the insulating protective coat. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The block diagram showing the example of this invention. 

[Drawing 2] Drawing showing the stimulus in actuation of drawing 1 , a trigger signal, an image data 

acquisition period, and a related example with electron beam pulse irradiation timing. 

[Drawing 31 Drawing in which A and B show the example of a signal on wiring, and C and D are 

drawings showing the example of a display of correspondence acquisition image data, respectively. 

[Drawing 41 Drawing in which A shows the example of a display of difference image data, drawing in 

which B shows the normal signal and its various abnormality signals on wiring, drawing showing the 

corresponding display image with each abnormality signal [ in / in C / B ], and D are drawings 

showing the example of the display screen of the surface type-like information on IC. 

[Drawing 5] The block diagram showing the example of a random scan signal generation means and 

the corresponding delay means 23. 

[Drawing 61 Drawing showing the example of stroboscope image display for explaining the trouble in 
equipment conventionally. 

[Drawing 7) Drawing in which A shows the example of an LSM image display, and B are drawings 
showing the signal on the correspondence wiring. 



[Translation done.] 
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Abstract of JP7151836 

PURPOSETo obtain an LSI image in which an 
abnormal portion can be detected easily. 
CONSTITUTION:A trigger signal is generated 
at the beginning of every test pattern, it is 
delayed by a set delay amount by a delay 
means 23, electron-beam pulses are directed 
to an IC 15 by its delayed output, and their 
secondary electrons are detected by a 
detector 16 and taken in by one out of 
memories 18, 19 as image data. It is repeated 
at every horizontal scanning operation to 
increase a delay amount by a definite amount 
at every trigger. When data of one frame is 
acquired, an acquisition completion signal is 
sent to a signal generator 1 1 . Whenever the 
signal generator 1 1 receives the acquisition 
completion signal, it alternately changes an 
operating condition such as a power-supply 
voltage, and it makes the same test. In 
addition, a condition signal is generated, and 
the storage of the image data is changed over 
alternately between the memories 18, 19, and 
the difference in the data between the 
memories 18, 19 is displayed. 
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<8BiPF7-l 5 18 3 6 



B^*©¥WMIlftBKlcffiB&?*e 
/WXttfcHBU -£-©2#a?ft&tfiLT> ±E## 

2^«^ j; 9#fc®ax-*©««a«ft«9#**^ 

at, 

±Etttkft*a£S**&IM$tBflre&. ±Efi«ft-? 
BK»£Brt©¥«#£«l3»^#|&l,T*©¥a#a 

*©»fP*Jc, ±Effia«^tt»BBT|imtmift 
/W*»fc±E¥»fl4ra@tt^B»U *©2#a^ 

%<DMmzmt h u #aa«, iJSM^mmmmm 
Natmra^at, 

±E¥a#«BEg&©»f1M&#ftaa£-ii-3£, *©c 

t ft*-r*#e^ft±E#€«i^6t»se^si«r5 
^atftn^., 

±BW*tt : HMiBaBlca» bfc±E h U #«#fc*f 
U BB«^fc£«±B¥*#*BBBic#T«*¥ 

xttstftjtit&Et^ufejiaEft^AT^mam'^ 
iEafHtaftaa-racrtic. ±EBia2*a^j:D 

[»#«3] ±SBft?-*BBBttlC*a3ftfcB 

■•x-^osfts^-rs^aft aet« ii t zwmt 
i xtt 2 E«©isss&efi. 

£Bjft«4] ±E¥*fl^lll8©A*->att«B 

sEa-rs^st. ±Kw->MVwmt±mmmm 

S«#?i3E«©K»gB. 

[B*B5] ±ES®¥Stt, ±E*¥X»aifi[*alE 

0*fl»»crtit. sjKsxaicMusrfissftraiD 

5 C t £ttB&?*B#a 5 E«©tiBgfi. 



2 



m««7] ±E¥»«*MBKte«!rt-*Ba*?> 

^AKfrfcttS^ftaB*., ±EjBB#»H:±E9>^ 

nfca®x-^ft^*aiL/T. ±ENu^«^ftii3ss-r 
4ag®Bfca^r*#aT»5ctft*Hst-rsE* 

« 1 »£4 ©VvWufcfcEELfcttiSMt 
[fB9!©i¥aifcI»BJi] 
[0 0 0 1] 

[B£±©«aftB] HOSMHHttPK-AWa-^lf 
JO -A«©tfBttTO*¥*ft4MRB»lcBtfU S6£T 
* 2 £«?©aft«l£ U *©¥S#a«|5|8©B&# 

[0002] 

[&*©&*&] ba«, a? tr-Att»««K*^T» 

©^tftR-oe»/^->icoviT)B^a^hr-AM 
it&Mft-r s u 2 *a?©aic&i;&aBBaeaa 

07Afc*T t k5fc. I C©E«/t^->«il~4*tS 
n*«». *l^JMI4fc^ASftT^*E«#&©2& 

a*i**fc<, *aBaic*v»T/^->ai. 2©«t 

^«E«*6©2jjica^H*<, a«aafc*v»TA^ 
->«H3, 4©«fc5fce<^sn. E*Hft©B#-i 
5 «*■©!&£ 2 % An^m^)m^Rzfi&u^.)m^ 

K*tt*#2*a?©1»WT*oTRflfcaBRSn*. 

0 6 A©iiaft x h n ij?a 5 . 
50 [0003] c©aawafc»jw-*wiotta/xd'-> 

«t»6nT*0, "3*0. &E*©iEtttt©Btt#&& 
nTVJS*>6. COa«Ba*aT, *©ICjWEL< 

*6RaUfc^-f5>^©B» B^fcJ-AftftS*^ 

*¥aa«i©^«74t/itB«^©^w«ift^i-isaftM 

tl, *©^<S>^aT. *»6Ti *Tfc»W-**©e 

«i©a&©m^ftia«i/^->aitt^u ts^T 

To fr5fil^;V©ffi#AT, Bli/V->*lCi 

io©as?^Li ttTg^^n, ^©ss^;i^^at 
2 ttEB/^->aiojfc©«»Li \zmmtvrm 
^$n» *©ai/-^JM»»ttEB^^->a i K*it* 

3 ttKBm^ 2aW3a «WE-n-f n»*EBJcH«P 

t&s. c©j:dicttttffa©«mBfls«>aa-r«j:9 
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3 

M6M©ttSB£»]<5 - £#Ti*<5. 
[0 004] 

l/«fc 5 tfftWK BJ6Afc^L^«S# 

6 b, &c\z7*-r& ; z>\zmw<)v<DmmKf->&t& 

!^;p©SB*S/^->«i©K#ja^e#fc<fcO, 
|-ttl^-©0c6©g7K£fcoTL3;5. fEtjTfiSHSN 
tt© *>©£#* Z. tWV21S.fr? ft. 
[0 0 0 5] X, 0 6 AK^Lfc<fcoll> ft8&{if|©i8: 

fc/i^-^tc^tsx-^to *-©stii& 
rt*-><D$>m\z&< £fc©«P#ttJI£$ii5 £ 

**, 07fc:3V>T&l:&^fc«fc?tCLSM&£f#5:!§£ 

[0006] hi:, mmm-rzmxm&t* mm 
mLt£^®m®totifi&m&im\zmnt>nx\,*z i 
cic*v»Ttt» *©*&©»§■« (Mm tummmz 

[0007] 

[KSSftfifc-rsfcfcro^K] £©3WlfcJ:fttt. BR 
flMBM-Jg* 65** L& h U »«^aaBI^RfcJ: Oil 

eTfcfc. B«^-*©#8t«K&&«»r)S*&n*. n© 
!W&#©gMtt. JJrJM©H«5*-d\ 0)*«lBfi 

^©x-^sJOtfiTs rtfcfrt>n*. 

[0 0 0 8] H«tx-*©^*tt, SifclR**©*)©* 

«flt«t**ftUT35*-r*»&%*t»*. agnate 

<fc SSSf±*¥X»*it**©*fflc^!ft ETi (cgftia 
*K»UTBfftaBS*t*OjW|[«*«. I C© 

j6££5>^Afcfrb-a\ *©9>^AH«fc*¥Xtt 

l/T. *©a«^-**a«iaKfcR*rr*EifcJ:D 

fft>n*. 

[0 0 0 9] 

[Sffift] Hiirc©»w©safi«&*"r. #m&7*8 

^©ttfiSiSB 1 1 iztmmnm&is 1 2*»»«s 
n*. ttftf-AtOftSti i ncfc^T. we&'eyn 

-13 PnMTf If- A 1 4#/W*ft£8£3n. 9 1 * 

>n- 1 3 w© i c i 5 fcAattsns. ^©M»fc«fc 0 
»ftLfc2jw«w2jwtTiiaHii6 , Tf*iasn. a 
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4 

«f-^tl/T«f¥ai 7fcJ:0, Bfft^'J 1 8, 

1 9©v>-fn*»K:iEttsn*. 

[0 0 10] KBftm^3&£S8rt©tt8fc/^->38£«2 

flr^tUTi c 1 s^tti&sn, i c i stfz.n\zm^ 

TftfW*. *©tt*7t*->»*©< QSls&FWJl, 

* 2 2 # 6 MJ tffB*! h:-At$»8fll 1 1 |*}©a 
M?©2 3^«|&3n5. MS, ftffMMM£«© I C 

io i sfc^wftftfftfcfrtwrrsi:. *©cfc**r* 

fr«W*#«*BMi« 2 4 # 6«T t-Attg*£S 1 
1©M»BR2 5 trtt*&^n?>o Hfc*UTV»&H#, « 
W2 5l;Ml/TifE-AK»8Bl 1 ©6«H1&& 

fr«Rjrr*ci***e*, ■e©w6te*i;TiWfii»2 5 

uwm sizzommzn. rne*a^a2 6. 27 
tj:D«^tr-Ai 4timm^nx, 1 c 1 5©»ss 

[0011] w^.ttH2Aic*-r«»m^»±3n, 

20 *©WBU»AfchU*»WBB2BS:*rJ:5K:*& 
3*1, MfP»2 5fcHJ*fflWC»U 02 CIC^T«t 

*«Nflitt£Sn«fc. (Ti -To ) / (N-l) © 

¥4u*m a t sn, as#a 2 3 ©as*# 1 . 

2 3 7?ti =To tfftaK£ttT/W;ift£S2 9<sA 

#sn. nn«kDK*bfc/^xfc«fcD«^if-Ai 4 

©/WXtfXiratL I C 1 5©2&mW&ttJ3*l 
50 «. ETFh 'J XMZtXzn 2DKjR1\k5 fcti = T 

x*t5!»$n, B#5 t -^©©a**tfft)n5. at^ 
© 1 pi^x-^©®^*^ t k*^ tr-A 1 4 « 1 mm 
ftfry-jsmzmhunz. 0x^4^2 6 etc 
«^if-A 1 4*tna*»*iF^fc#iian-5jri: 
ic ss#a2 3 c*(t*tt«»ai*!9tA t^ttftiiica 

[0 0 12] ^©.fcdKUTlzk^SE-l?^ 5>^T 

i2^w$n*. c©]R#<g^ssff-r5tK»i«# 

»*S81 2tt I CftfP*tt**JEU 

5Vj6»6 4V{C3gSUT*fr«^S56^L. HtfRWE 

MMi«. hu«w«iftu «^e-Att»««i 

^C^-Y 5 >^mfc«7-tf-A/^VX*»|tLT. B 

[0 0 13] £ilTI^«lClBii^©B«7 i - : J'©JR#cr 
50 ifclftf§SS7ra*t£S8£U JR#^7fi^©g«^tC 
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5 

fc, H«x-^OS0i*Sia«^qEU 1 8 i 1 9 tKS! 
5fc«J#A*. I C 1 5 ©»(£«£!«£*< 5 V©$£fc: 
^"T5>^To ~T. BiCfeftSEftl' . 2', 
3' ±©«&gte*t03A©|&ijai a, 2 a, 3a££ 

fc*5tt*E»l ' , 2', 3' ±©S&gtai*03B© 
ftfila, 2 a, 3 afc^TJcSKfcofct-rs. r33; 
9 GUI' tt*ffi/t*->©«fc&»R6U E«2' tt 
H-«tt/1*->iftD, E»3btt*-f5>yATi 

10 0 14] C0*3fcttttfcfcfr»T«SUB#5f--ar 
fc*#U ■e-©£B*7 i -*S&;SiS3 
«t. H3A©iEflM«nro*#H«ttH3CK*fJ:5 
fcftS. BP*E«/^^->«itttft«i aWflSWyWT 

2 tt, EftlS 2 a tffi KA'. K l"Wfc*»*»to t) & 

t**»to&r, E«2' te*tt*«ufti»nifcjrt-* 

»*fcR-T**. E«A*->»3tt, *©$"fS> 

ft 9. *©«,©«£«, «lff, l»Wte"3t>T»fP*#0 
«J3ATr*ft#§-DftV>&a. KfeiftS. 
[0 0 15]-*, B3B©g#ttjiT©ia#Hlft«B 
3 DlC^-fi^lCft.S. Ep-feE«A^-># l ttftiS i 

ft 0 . ESI/1 * - >§fc 3 «»fls$J#*.Tgfca*£ Cfcft 
«3a©K|T: ~T, ©KWWfc*fjfrr*«#Lii 

•pan, *<Dm<omtm&tti.z. 

[0 0 16] C©J;3fcH3C. Dri>£>, ftffsKtt&g 
ML. n©«Ttt*a«EE*4VfcTlf*i, EMI' 

**n. L*t>«3f». «9Wfcfc*fcIE1W9tJlfto 

fccttfaaren*. la^le«I2' Ttt£<jmr#£ 

DftuctfetofrO, EJ63' Tr«E«3' -h©8B#L 

[0 0 17] ££H3DICjj«L£:Hlt?r--?ft>gH3C 

*-f5£:B4Ate;j*-r«fc5K:ft*. ^£0E«S/^-> 
lit 1 ttiE*l^©fiU^;wtsu^;i,fc^ofca^Lo4, 
L S6 ttHlt, iE^©igp^;Wtfiw^;nc^:ofefi5^ 
L46. L.i»efca*afta. ttf&fcff:£X£UTfeft 



(4) tt0l¥7-15 1836 

t>nftv>. e«83' (c?v»ratti/^^&Ku^K: 

ftofetf&LisaaffllK&ftD, "€-0<a©l8»tt^<S 
B3C, D©**J:0>e> % J:D[B«K8lton*. 0 3 

c, Djaft«©**ttEttH4Aoa»ic#u wfli^ 

#^£S##ESlA*->|*t>5ifctts&j&. 

[0 0 18] Edl ' ©«to*ftfl£«ME5 VTH4 
BOftSlaffli&t Eftc«l(«££4V£T»fS 
t, 04B©ffi*fll a' ©±5fc, ffl/t/UDSS&o 
MEgB*7*-*fftttB4C>t»©fftL !S ©«fc 

ft*. J5fclft«l a" ©*5fciftBi atoKW^MB 
#©lffl¥T 2 4 «««i«ffiofiTfcJ; Dtf WUMcftofc 
SBB«tt«»Ti4©**^©lfcL J 4 tUT8t> 
ft*. XfcdMla'" ©«fc5fcft«l a©HWW8 
»©«*T4i*tfil>^Hcftat. HH#ttfi5^T48© 
*#&©»L4s<hftoT3lfcft5. ^©«fcdtC:©38« 
TTtt. E««ffi©<iPMM:t>»*ct«»T**. ftfcffi 
ila", la'" ©4Hfr&»4^hn#fiTtt**wen 

&^7K<i:ft5. 
[0 0 19] I C 1 SSOfti-SttfefrittjH'v. -&©^ffl 

»**»arr*a«--*£©ttiB©**, miiL«^tr-A 

•3, I C 1 5©SB©J*ttflMR Mx-iSO fcJStft 
I/, oSDBAtfBS C©&*£#j6'rs I Cffl^t^ 
UTtt, B4DfcjR-r.fc3fcE*i' , 2' , 3' ©E 

mnp-y&i, 2, 3 s^-n^n 2 ^m-cm^t « c 

i#«T«J:3tU £©JB#iWBS.**<J3 2,cfH18 
LT*«, COffiMKflmtUBfcT*-* (B4 Atjkf 

ftWBfc*wb, dO-t©l C±©*Bf"bMaoa^J: 

[0 0 2 0] ±JnT?tt«?hr— A©*^*rt©#»t^ 

©R-*¥«aE«ft±Ttt, h u ^«^{c^-rsm^tf- 

J>m%94 5 t . tU, £©*¥;£3£*!Lh 

^ft^-fc^L, ti +A t©^-f3>^TfllTh'-A© 
EWftffi. ft* 1 *¥j£&£*fr>T, B— jft«BMtU 
ftV»*3K, lB«x-^*«#-r5CTtlC, Atfclt 

©Hi6*^. < "T* t«fct4. 
[0 0 2 1] 1 *^tf-A©BI#^-f 5 
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#M¥7-1 5 18 36 



7 



8 



tz:t\zmkwsm>. *itmmLtz£5\zmmm&m lmwftowmT-f'zwLMz&mttnNHtWL 

i&liO^-V-^0»#*^<-r?)£t^1?€r5. Z.<D [0 0 2 4] 

^mm\z&w5ffim£ft<-*z>t8&\zG%}-c&z>o [ftwomm «u±»*fc±3fcc©Bwic«fcntf«i 

[o o 2 2) H#ic*¥-sB*aES7>^At$-a-T io qb, u&n9->zuy2mmis.ii<Dmftikft** 

h «fcK 0y&«si 5 ic^-r«k5 *¥*ae±©#^ic m%mmftt>-L sM&y : -9z%mz:t\z#mzv)wz. 

j»»^-fs>y (hu*fln»icjrr»»n«) sstf tern gii©»^ic*w*K»^#t. mj#«* 

-*#8®W5>X*3 6fce«SnTV>*. £j£*jii© t. B#x-*I&#»IMi:, «?£-A/WX!IMt4'-f 

*©TffiHy ^TFPXiLT^K^lRll^X* [03] AXtf B«gBIS±©^0|£*?m CRtfD 

3 4tasuyx^3 6*tj;^t;y h*7HvxtUT a? «*n*ntt£jfc#H&5 ! -:?©«*fl£*T0Ti6 

^X*3 4*>58aHSn£x-*tfDA£ift8§3 8T7 [04] AttgBtfex-^^fllfc^-f 0> BttSBSl 

^-a^^{c^»snT*¥^isnii*j3g'N«*&sn, a ±©m*«* &*©#»*«*£*«*■. chbi: 

3 9T7^n^«^fc£ftSnTS»«fc88'\#M&3 C©^il^tttim©g«lli®©0l£*-r 0T&.&. 

n, a»WJ>**3 6*>fc&tii<*ft£x-*a<MJ#fi [05] 7>^A;£2c^5&£#§!*tf^Lfcji33i# 

*t£«3£T£jiS§lHlli&4 1 te«fc<*n, ■€-©SSE8l4 ©2 3©0«£*T7ny *0. 

1 ©ffl;WWX3S£S&2 9^««&$n.5. [0 6] «*^|B^^«.raS^*UlW1-*feJ&©X h 

[0023] ±iEfcfcv>T, -o©»ft&#T©H&7 uxm<&&mw*m-^ 

-*££SfCJfc#f Stf, ^-S>tfMfe#©*>©COlr> 50 [07] A»LSM«g*©^^f0, B»-?-©2t£ 
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C i_L 
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T4 



-J — — =!- ikJ — 




t2=t1 + At t3=tlT2AT I4°tl + 3M 



'tri^tT+(N-1)At 
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